The intracellular mitogen-activated protein kinase (MAPK) pathway in the brain is necessary for the formation of a variety of memories including conditioned taste aversion (CTA) learning. However, the functional role of MAPK activation in the amygdala during lithium chloride (LiCl)-induced CTA learning has not been established. In the present study, we investigated if local microinjection of SL327, a MAPK kinase inhibitor, into the rat amygdala could alleviate LiCl-induced CTA learning. Our results revealed that acute administration of a high dose of LiCl (0.15 M, 12 ml/kg, i.p.) rapidly increased the level of phosphorylated MAPK (pMAPK)-positive cells in the central nucleus of the amygdala (CeA) and nucleus of the solitary tract (NTS) of rats as measured by immunohistochemistry. Local microinjection of SL327
a b s t r a c t
The intracellular mitogen-activated protein kinase (MAPK) pathway in the brain is necessary for the formation of a variety of memories including conditioned taste aversion (CTA) learning. However, the functional role of MAPK activation in the amygdala during lithium chloride (LiCl)-induced CTA learning has not been established. In the present study, we investigated if local microinjection of SL327, a MAPK kinase inhibitor, into the rat amygdala could alleviate LiCl-induced CTA learning. Our results revealed that acute administration of a high dose of LiCl (0.15 M, 12 ml/kg, i.p.) rapidly increased the level of phosphorylated MAPK (pMAPK)-positive cells in the central nucleus of the amygdala (CeA) and nucleus of the solitary tract (NTS) of rats as measured by immunohistochemistry. Local microinjection of SL327
(1 lg/0.5 ll/hemisphere) into the CeA 10 min before LiCl administration decreased both the strength of LiCl-induced CTA paired with 0.125% saccharin and the level of LiCl-induced pMAPK-positive cells in the CeA, but not in the NTS. Our data suggest that the intracellular signaling cascade of the MAPK pathway in the CeA plays a critical role in the processing of visceral information induced by LiCl for CTA learning.
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Introduction
Conditioned taste aversion (CTA) is a form of associative learning in which an animal avoids a taste after pairing of a novel taste (conditioned stimulus, CS) with a toxin (unconditioned stimulus, US; Garcia, Hankins, & Rusiniak, 1974) . Toxicity of the US, e.g. lithium chloride (LiCl), evokes illness like nausea, diarrhea or physical discomfort in animals. The amygdala has been implicated in many forms of emotional and aversive conditioning (Gallagher & Chiba, 1996; LeDoux, 1993) , and the amygdala is involved in the central processing of the toxic US. It has been reported that lesions (Lasiter & Glanzman, 1985; Schafe & Bernstein, 1996; Yamamoto, Fujimoto, Shimura, & Sakai, 1995) or blockade of synaptic transmission of the amygdala (Roldan & Bures, 1994) impaired CTA induced by LiCl in rats. LiCl toxicity also increases expression of some activator protein 1 (AP-1) transcription factors in the central nucleus of the amygdala (CeA) (Kwon, Glotz, & Houpt, 2008; Kwon & Houpt, 2010a; Lamprecht & Dudai, 1995; Spencer & Houpt, 2001; Swank, 1999; Yamamoto et al., 1992) . LiCl also induces c-Fos in the brainstem nucleus of the solitary tract (NTS), which projects directly and indirectly to the CeA (Houpt, Philopena, Wessel, Joh, & Smith, 1994; Swank, 1999; Swank & Bernstein, 1994; Yamamoto et al., 1992) . The gene expression and protein synthesis in the amygdala following LiCl is necessary for the formation of CTA memory because administration of anisomycin, a protein synthesis inhibitor, into the rat amygdala impaired CTA acquisition (Lamprecht & Dudai, 1996) .
LiCl-induced gene expression in the amygdala may result from the molecular signaling cascades that are induced by LiCl-induced chemoreceptive stimulation. The visceral pathway of LiCl toxicity is indirectly relayed to the amygdala from the NTS and area postrema (Sakai & Yamamoto, 1999; Schafe & Bernstein, 1996; Schafe & Bernstein, 1998) via the release of neurotransmitters such as glutamate (Miranda, Ferreira, Ramirez-Lugo, & Bermudez-Rattoni, 2002; Yasoshima, Morimoto, & Yamamoto, 2000) and glucagonlike peptide-1 (Kinzig, D 'Alessio, & Seeley, 2002; Seeley et al., 2000) . It has been reported that acute administration of a high dose of LiCl activated the intracellular signaling pathway involving mitogen-activated protein kinases (MAPKs) in the CeA (Swank, 2000a) , NTS (Swank, 2000b) and insular cortex (Swank, 2000a) . Conversely, novel taste experience did not activate MAPKs in the CeA (Swank, 2000a) and NTS (Swank, Ellis, & Blaker, 1996) , but taste stimulation did activate MAPKs in the insular cortex (Belelovsky, Elkobi, Kaphzan, Nairn, & Rosenblum, 2005; Berman, Hazvi, Rosenblum, Seger, & Dudai, 1998; Yefet et al., 2006) . This suggests that MAPK activity in the CeA and NTS is more associated with the visceral stimulation induced by LiCl than the gustatory stimulation induced by a novel taste.
MAPKs are a family of protein kinases that phosphorylate threonine and tyrosine residues of target proteins or themselves. MAPKs are also known as extracellular signal-regulated kinases
